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ABSTRACT : PURPOSE: To obtain the titled amide having improved strength charateristics in good 

produtivity, by reacting a linear polyamide with a bislactam compound shown by a specific 
formula as a chain binder in a fixed ratio in a molten state. 

CONSTITUTION: (A) A linear polyamide (e.g., hylon 6, nylon 1 1 , etc.) is reacted with (B) 
0.1~3wt% bislactam compound shown by the formula [R is bifunctional hydrocarbon (may 
contain substituent group); n is 3-7] as a chain binder in the presence of preferably 
1-1 ,000ppm calculated as copper of a copper compound (preferably copper acetate, 
etc.) in a molten state, to give the aimed amide. 
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SPECaiCATION 



1. Title of the Invention 

A Method for Manufacturing a Polyamide Having a High Degree of 
Polymerization 



2. Claims 

(1) A method for manufacturing a polyamide having a high degree of 
polymerization, which is characterized by the fact that an essentially linear polyamide 
IS reacted with O.lto 3 wt % of a bislactam compound denoted by the following 
general formula in the molten state. 

' ^ ( 1 

(CH,), N - C - N - R - N - C - N (CH,), 
■v^/ • ' lis/ 
C O H H 0 c'^ 

> I 

O 0 

(R indicates a bivalent hydrocarbon group (which may contain substituent groups)- n is 
an mteger from 3 through 7.) 

(2) The method according to Claim 1, wherein the reaction is brought about in the 
presence of a 1 to 1000 ppm (as copper) of a copper compound. 

3. Detailed Description of the Invention 

Field of Industrial Utilization 

polyami^' ' """'^"^ '"^"^^^^""S ^ high polymeric 

Prior Art 

Nylon-6, AylonVand other polyamides have excellent characteristics, and are 
widely employed in fibers, films, and other molded articles. 

In the manufacture of industrial fiber materials such as tire cords, polyamides 
having a particularly high degree of polymerization are required; however, in order to 
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obtain such high polymeric polyamides, it is necessary to allow polymerization to 
proceed for an extended period of time at high temperature. This makes the polyamide 
susceptible to thermal deterioration (gelation), reducing productivity. 

Methods for obtaining high polymeric polyamides in short periods of time 

include those employing [illegible; possibly 'chain'] bonding agents. For example a 
method employing bis-N-acyl lactam was proposed in UK Patent 693645. 

Problems Which the Invention Is Intended to Solve 

The bis-N-acyl lactam proposed in the past did not possess sufficient reactivity 
with polyamides, and did not achieve the objective of manufacture of a high polymeric 
polyamide with high productivity. 

The present invention is intended to offer a method for manufacturing a high 
polymeric polyamide with high productivity by employing a specific bislactam 
compound as a [illegible; possibly 'chain'] bonding agent. 

Means Used to Solve the Aforementioned Problems 

The essence of the present invention is as foUows. 



A method for manufactiiring a polyamide having a high degree of 
polymerization, which is characterized by the fact tiiat an essentially linear polyamide 
IS reacted witii 0.1 to 3 wt % of a bislactam compound denoted by the following 
general formula in the molten state. * 
' ' / 1 

(CH.) . N-C-N-R-N-C-N (CS.) . 

\ ^•^ ' ' • O V ✓ 

C O H HOC 

0 ■ 'o 

(R indicates a bivalent hydrocarbon group (which may contain substituent groups)- n is 
an mteger from 3 through 7.) 

Specific examples of polyamides in the present invention are nylon-6, nylon-11 
nylon-12, nylon-46, nylon-66, nylon-610, poly m.ra-xylylene adipamide, nylon- ' 
66/polyhexamethylene terephthalamide copolymers, nylon-66/poly pam-phenylene 
terephthalamide copolymers, and other ftisible polyamides. 
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Specific examples of bislactam compounds denoted by the aforementioned 
general formula in the present invention are A^,A'''-ethylenebis(carbamoylcaprolactam), 
//,A^'-tetxamethyelenebis(caxbamoylcaprolactam), AT, A^'-hexamethylenebis 
(carbamoylcaprolactam), iV,A^'-c>-phenylenebis(carbamoylcaprolactam), 
A^,A^-m-phenylenebis(carbamoylcaprolactam), A^,A^'-/?-phenylenebis 
(carbamoylcaprolactam) , //,//'-2-methyl-i?-phenylenebis(carbamoylcaprolactam) , 
A^,A^'-2-methyl-/n-phenylenebis(carbamoylcaprolactam), Ai^,iV'-2-methyl-;?-phenylenebis 
(carbamoylcaprolactam) , A^, //'-diphenylene-4 , 4-bis(carbamoylcaprolactam) , 
AT, AT '-3 , 3 ' -dimethyldiphenylene-4 , 4 ' -bis(carbamoy Icaprolactam) , A^, AT'-methylenebis 
(4-phenylcarbamoylcaprolactam), A^,A^'-cyclohexene-l,4-bis(carbamoylcaprolactam), 
and the like. 

In the present invention the bislactam compound is added in an amount of 0.1 to 
3 wt %, and preferably 0.1 to 1 wt %, with respect to the polyamide. If the added 
amount of bislactam compound is too low the effect of raising the degree of 
polymerization will not be sufficiently displayed. Excessively large quantities will 
impair the characteristics of the polyamide. 

In the present invention, the reaction is brought about in the presence of 1 to 
1000 ppm, and preferably 1 to 500 ppm (as copper) of a copper compound. This 
serves to accelerate the reaction of the polyamide and the bislactam compound. 

Specific examples of copper compounds are copper acetate, cuprous chloride, 
cupric chloride, cuprous bromide, cupric bromide, cuprous iodide, copper phthalate, 
copper stearate, copper pyrophosphate, etc., and various complexes of copper salts and 
organic compounds such as 8-oxyquinolin copper, 2-mercaptobenzoimidazole copper 
complex salts, and the like. Copper acetate and cuprous iodide are preferred. The 
above may be used individually or in mixtures of two or more. 

The polyamide-bislactam compound reaction can be brought about by adding 
the bislactam compound during the polyamide melt polymerization process or during 
the melt molding process. The simplest method is to add the bislactam compound 
during to melt molding process to bring about reaction. 

The copper compound can be added at the same time as the bislactam 
compound, or can be added beforehand. 
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Of course, other additives, such as heat resistant agents, delustering agent, 
colorants, extenders, fire retardants. antistatic agents, and other additives and modln.i, 
may be added during the melt polymerization or during the molding. 

Practical Examples 

The present invention will be described in further detaU below. Relative 
viscosity, nr. is a value obtained by measurement at 25-C of a solution consisting of 
1 g of polymer dissolves in 100 mL 96% sulfuric acid. The carboxyl group (COOH) 
and amino group (NH^ units are equivalents/ lO" g of polymer. 

Practical Example 

j-jSloia^was polymerized continuously using a common method. The 
product was made into chips, scoured, and dried, yielding chips having an nr of 3.40 
and a moisture content of 0.08%. 

The bislactam compounds indicated in Table 1 and cuprous iodide were added 
to the chips. Using a 40 mmd, extruder-type melt spinningdev ice. [the polymer] was 
spunata rnelting temperature of 280'C and a discharge speed of 80 g/min. [The spun 
^/ZSj^ner^re wound up at a speed of 400 m/min, and then heat drawn to a ratio of 
4.28 to afford 420 denier/70 filament drawn yams. 

The resulting yams were measured to determine rir. COOH content, NHj 
content, and strength. The results are presented in Table 1 . 
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Table 1 







Additive 


Drawn yam characteristic values 






BisiacUm compound 
(Wl %) 


Cuprous iodide 
(Cu atoms, 
ppm) 




COOH 


NH2 


Strength 
(g/d) 




1 


A^,//'-methyIencbi« 
(4~pheny Ic 4rt)amoyI 

caproUctam) (0.3) 


0 


3.50 


28.2 


45.5 


9,6 




2 


A^,A^'-methylcnebis 
(4"phenylcafbamoyI 

caprolactam) (0.3) 


50 


3.62 


25.2 


45.0 


10.2 




3 


^,A^'-tciramclhylencbi» 
(carbamoyl 

caprolactam) (0.3) 


50 


3.61 


25.0 


45.0 


10.2 




4 


^»'A^-/'^benylcncbi8 
(carbamoyl 

caprolactam) (0.3) 


50 


3.58 


26.2 


44.5 


9.8 




1 




0 


3.36 


36.0 


46.0 


9.0 




2 


yV,yV'-icrcphlhaloylbis 
(caprolactam) 


50 


3.30 


38.0 


46.5 


8.6 



The results in Table 1 clearly indicate that the method which pertains to the 
present invention yields a polyamide having a higher degree of polymerization and 
excellent strength characteristics. The effect is quite marked when a copper compound 
is also used. In contrast, when a bis-A^-acyl lactam-type bislactam was used 
(Comparative Example 2), the reactivity with the polyamide was poor and no 
appreciable increase in the degree of polymerization was noted when this material was 
added to the polyamide chip and melt-spun, nor was any improvement in strength 
characteristics noted. 

Merits of the Invention 

As noted above, the method which pertains to the present invention makes it 
possible to manufacture a high polymeric polyamide having excellent strength 
characteristics with high productivity. 

Language Service Unit 
Polyglot International 
November 9, 1994 
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28.2 


45.5 
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